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SUMMARY

Tlwdiatrilndiunof thefd in epray8for compremion-
ignition engines was invixtigaM by taking high+pxd
epmk photographs of fud epray8 prodaced u& a uid%
variatyof conditions, and also by injecti~ them agaht
pi4ce9 of PluMiein4. A photographic 8tudy was muds of

syways injectd idO evuCuded c?wnber8, i?LtO the (l#ZW8-

phere, into compre88ed air, and into tranqarent

liguiok. Pair8 of identical sprays were injected counter
to euch otlwr and their behavior analyzed. L%uL?high-
uelicity air jet8 were directed normdy to the axes of
fuel epray8, wiih the rewl.t that the envelope of way
which usud?y ob8cureathe core UMMblown aaide, leaving
the core expo8txion one 81U2.

Th8 rew?t.e 8hmoedthat the dM-ibuti.on of tha fuel
within tha sprays wm very uneven. U& en@w-
operating ditti tlw.fwl was +bdivid.ed inio mamy
small particles by the time it had pemdraied 0.’76 inch.
In the cam of the 8pray8, these particles had a high
velocity relatwe to the air in their immedtie viciniiy,
but as thai.rvel.miiywaa reduced, they wereforced md of
the core andformed the a-pray envelope. The shape of
the cmtral core varied with the obwiiy of the chamber
air, becomi~ 8h0rter and thicker with increasing air
deneity.

INTRODUCITON

Because of the great importsmce of fuel distribution
in the development of light-weight compremion-igni-
tion engines, this series of experiments ma under-
taken for the purpose of obtaining more information
on the distribution of the fmi within fmd sprays for
this type of engine. There are two general methods
available for such an invcdigation: The separation
of the sprays into parts, followed by-a determination
of the amounts of fuel in each part, and the bigh-
speed photography of sprays produced under con-
ditions eapeoislly arranged to reveal the desired infor-
mation. The first method has been successfully used
at the Pennsylvania State College with sprays from
plain cylindrical nozzles (referemm 1 and 2), and the
results show that the fuel concentration was greatest
in the center of the spray. MsIIy early spark photo-
graphs made by the National Adviqory Committm
for Aeronautics also show a core of concentrated fuel

438

OF FUEL IN FUEL SPRAYS

but the densi~ of the spray cloud was so great that
little could be ‘lemned of the internal struct&e of the
sprays.

h the present experiments, the photographic method
was extended and improved by decreasing the exposure
time, and by injecting the fuel under conditions which
had not been used before at this laboratcny-. These
experiments were conducted during the summer of
1931 by the National Advisory Committee for Aero-
nautic- at Langley Field, Va. “
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APPARATUS AND TEST METHOD

A complete description of the spray-photography
equipment used in this investigation is given in
reference 3. Briefly, the spray is illuminated by a
series of spark discharges, and the images are focused
on a moving film by a lens. The duration of the
individual spark discharges has never been accurately
determined, but the amount of blurring in some of
the photographs indicates a duration of from 0.00001
to 0.000001 second.

During part of this investigation, the spark-produc-
ing circuit was replaced by that shown in Figure 1.
This circuit is similar to those used in electrh strobo-
scopes and for the photography of ballets in flight.
The duration of the spark discharge in such circuits
is said to be of the order of 0.0000001 second. @efer-
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awe 4.) The high-voltage condensers A and B wer[
charged to a potential of 30,000 volts by using a trans.
former and a rectifying tube. A c.m%cnstring wet viitl
alcium chloride solution formed a high electrical resist
ante andwasused to keep the two condensersat theswm
potential. The spark was timed by a disk switch on c
shaft ccnnected through an adjustable coupling to th[
+amshaft controlling thefuel injection. When theswitd
was closed by a rctation of the shaft, condenser E
discharged across gap C. The width of the two spad
gaps was so adjusted that condenser A would not &
dmrge across both of them until after the air in gap C
had been ionized by the discharge of ccmdenser B.
“The discharge of condenser A across gap D furnished
the light for photographing the spray, gap C being
shielded hm the camera. The copper connect@
wires were about three thirty-seconds inch in diameteI
-and were made as short as possible to minimize the
resistance of the circuit. The spark-gap points were
made of copper instead of the magneaium reguhdy
-used, to reduce the afterglow of metallic vapor that
follows the breakdown of the spark discharge. &
this circuit delivered only a single spark, the photo-

.Vph was taken on a stationwy- film. Sets of photo-
graphs showing the various stages in the development
af the sprays were made by using a d.iflerent spark
@ for each photograph. The high-speed spark
circuit was used during an investigation of the effect of
the densi~ of the chamber air on the distribution of
the fuel in fuel sprays. The photographs were clearer
than those made with the regular circuit, revealing
several new featurm of spray structure and formation.

The regular spark circuit was used to take several
dher series of spray photc&aphs. In one series, each
injection was composed of two separate sprays directed
toward each other and impinging in the center of the
-chamber. AT connection was inserted in the injection
line, and pieces of steel tubing of equal ‘length and
diameter were connected to the injection valvea. &
these valves were of the same design, only a alight
adjustment of the valve-opaning prcwwms was neces-
sary to cause the sprays to emerge from the two nozzk
&nl.dt aneously. Open nozzles were also used, and
these were so arranged that the distance between the
nozzles cculd be changed. Sketches showing the type
-of injection valve and open nozzles tested may be
found in reference 5. h orifice diameter of 0.020
inch was used for all teats except those with the
.centrifugal-ty-pe sprays; for those it was 0.022 inch.

The alignment of the sprays was checked by pumping
fuel through the nozzles at a pressure so low that
unbroken jets of fuel were formed. These jets met
at the center of the chamber and formed a disk of fuel
about an inch in diameter. The plane of this liquid
disk was at right angles to the axis of the fuel jets,
*hoWing that the two nozzles were in good alignment.

For another seriesof photographs a tube was brought
through the top of the spray chamber, ita end closed,
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and a small hole drilled in this closed end. The other
end of the tube w-as ccnnected to a compressed-air
reservoir, sc that a strong jet of air was produced in
the spray chamber. This jet was direotid normal to
the axis of the fuel spray at ditlerent distanceafrom the
fuel noizzle. Hand valves were placed between the
compressed-air reservoir and the air-jet oriiicej and
between the spray chamber and the atmosphere. The
injection pressure of the air jet and the chamber-air
demi~ could be regulati to the desired values by
adjusting these valves Fuel and air-jet injeotion
pressures and chamber-air pressures were measured
with reference to the atmospheric pressure, and me so
expressed in this report.

The temperature of the chamber air was apprcsi-
mately the sanie as that in the room for all tests.
Changes in its density were secured by changing its
pressure. Densities less than atmospheric were ob-
tained by evacuating the chamber with a vacuum
pump, and those greater than atmospheric by ccnneot-
ing the chamber to a compressed-air reservoir.

Experiments on the relative penetrating power of
different sprays, and of the different parts of the same
spray weie made by injecting them against smooth-
surfaced piec~ of Plasticize, a proprietary substitute
for modeling clay. The depths and shapes of the
impressions made in the Plasticize were ccmpared for
injections from plain cylindrical nozzles, and from
nozzles having helical grooves in the valve stem.
Different injection pteasures and chamber-air densities
were used, and the Plasticize was placed at different
distanccp horn the nozzles. This method of studying
sprays was found to be very satisfactory, and it is
recommended as a simple and valuable test of the
energy distribution of the fuel within fuel sprays.

A high-grade Diesel fuel having a speciiic gravity
of 0.86 at 80° F., and a viscosity of 0.0221 poise (36.0
seconds Saybolt Universal) at 100° F. and atmospheric
pressurewas used in all the teats.

RESULTS AND DISCUSSION ,

EZWECT OF AIR DENSITY ON THE DISTRIBUTION OF FUEL IN SPRAYS

The formation of fuel sprays.—The exact process by
which fuel injected through small nozzles is atomized
to forma spray has long been a matter of controve~,
Some investigators have explained atomization on the
basis of frictional forces between the fuel and the air,
mndothers have maintained that the atomization is
wentially complete before the fuel leavea the nozzle.
Experiments made at this laboratory (reference 6)
how that the density of the air into which the fuel is
injected has little effect on the ultimate fieness of
the atomization. Later experiments (reference 7)
~howthat although the final results may be the same,
m increase in the air density cau&M the atcmizing
yxwess to take ~lace closer to the nozzle. Moreover,
t is shown that the atomization of the fuel is pri-
marily caused by air friction. The fuel emerges from
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the nozzle as a solid column, but ia soon torn into
shreds or ligamenti aa it passes through the dense air.
Them ligaments are very quickly transformed into
drops by the force of the fuel surface tension.

Computations of the velocity and penetration of
single fuel drops injected into dense air have been
made by Kuehn. (Reference 8.) He showed that
for the range of injection velocities, drop aizea, and
combustion chamber-air densities commonly used in
airless injection engines, in no case would a single fuel
drop penetrate the air much more than 1 inch. The
fact that fuel sprays penetrate much farther he con-
cluded to be due I%the mass effect of the large number

Plaaticine target tests.—The foregoing explanation
of spray formation was supported by the results of the
experiments with Plasticize targets. One of the
preliminary experiments consisted of directing a jet of
air against the Plasticize. It waa found that no
impression was made no matter how close the air
nozzle was brought to the PIQsticine surface, or how
great an air-injection pressure ma used. When fuel
sprays were injected against the targets, impressions
were formed having diametem less than the diametem
of the sprays at the sections intersected by the targets.
In the sprays, therefore, it was the fuel rather than the
air that deformed the Plasticize, and the fuel in the
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of particles that they contain. In the central part of
the sprays, the drops amj ligaments are so closely
spaced that most of them do not travel through still
air, but are in air which .haa been disturbed by pre-
cding fuel pmticlw. The leading ones set up an sir
current in the direction in which they are moving, so
that the later ones, although not traveling a greater
distance relative to the air, actually reach PO~ti
farther from the nozzle.

The high-speed motion pictures of fuel sprays fkom
cylindrical nozzles that have been made at this labora-
tory show that the fuel in the central core of the spray
travels faster than that in the surrounding envelope.
This fact indicates that the fuel particles in the core
have a high velocity relative to the air in their irnme-
dirde vicinity and cause it to move in the same direc-
tion. After they have lost most of this relative
velocity they are forced aside by the on-coming column
of air and fuel behind them.

central cores of the sprays had much more energy
than that in the envelopes.

Figure 2 is a photograph of a series of impressions
made in Plasticize by sprays from a plain cylindrical
nozzle. In the following table are listed the diam-
eters and dep$hs of the impressions, and in the last -
column are given the outside diameters of a spray,
produced under the same conditions, and measured
from a spray photograph at corresponding distances
from the nozzle.

‘TIyazw ;?t

LO .20
20 .Zd
26 .!20
3.0 .lz
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A comparison of the second and fourth columns of
the table shows that although the general outline of
the spray was a cone, the core of rapidly moving fuel
in the center increased in diameter until it reached a
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illowed the fuel spray to pasa though the target,
leaving a hole that more, accurately indicated the core
diameter. For the same conditions to which the
results of the table apply, and at the same distances

.

Fnd-inkdfonpmmx%4,c0.1pounds p 4R810 Lnch; vaf-w’wdu ~ 3,ELIIWI@ w X MI. The IUIUIbOr bdde d ~m’eden JudkaffN
the &&m fn fnohesbetwm the nozzle and the Plestfclno

point about 2 inches from the nozzle, and then dimin-
ished. Targets placed 3.5 inches &m the nozzle
showed only a shallow impr~on; at 4 inches no
impression at all could be seen. At this distance, so
much of the kinetic energy of the fuel had been trans-
ferred to the air that the spray could make no mark
on the target.

For each of these tests the thiclmess of the Plasticize
was made su.flichnt to stop the fuel completely. The
bottom of the impressions was always conical in
form, indicating roughly the distribution of energy in
the spray core. In this connection, the tests made at
the Pennsylvania State College (references 1 and 2)
on the distribution of fuel within sprays from cylin-
drical nozzk are of intere9t. The two methods
supplement each other very well; the N. A. C. A.
teats give results for the core of the spray, and the
Pennsylvania State College tests give data for the
envelope.

The diametem given in the table are those at the
surface of the Plasticize. h extiation of the
deeper impressions showed that their diameter in-
creased somewhat below the surface. The enlarge-
ment was probably caused by the blasts of air that
were carried into the holes by the fuel particles. In
another series of tests, thin slice9 of Plasticize were
used, backed by wire screening. This arrangement

from the nozzle, the diameters of the impressions
were 0.04, 0.08, 0.14, 0.18, and 0.16 inch, respectively.

.
FIGUBE4.-Hlghx spark photqrapha of fnel spraysInjootcdinto ok hnviw

dftkent dandtk

IIIje&on pmmmj MCOpuanda w awnre II@ chamber+ir domW, (a) fI.MW
Wmd W ~b fmh (b) 0.076Ponnd w cnbio foot, (C) 1.1LMJnn’dnw mblo
fcmt.

, Figure 3 is a photograph of the i.mpreasions made
in Plasticize by sprays injected into the atmosphere.
The form of the impression varies from an almost
straigh~w-died hole 0.10 inch in diameter and about
0.50 inch deep at the 6-inch distance, through a series
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of trumpet shapes having increasing amounts of flare
and less depth, until at 24 inches the impression is of
rdmost uniform depth.

Spark photographs showing the effect of air den-
sity,-The photographs of Figure 4, which were ma&e
with the high-speed spark circuit shown in Figure 1,
show the effect of the density of the chamber air on
the formation of fuel sprays from a plain cylindrical
nozzle. In this case, the dispersion of the spray in
the vacuum was about the same as in the atmosphere,
but increased when the ah density was raked to values
above atmospheric. When other cylindrical nozzles
and other injection pressures were used, it was found
that the dispersion of the sprays in vacuum varied
greatly. In some cases they were as well dispersed
as the one shown in Figure 4a; in other cases the “fuel
remained in a solid column with no dispemion. As
practically no air was present, any dispersion of the
fuel must have been the remdt of turbulent flow in
the jet. Such turbulence would vary with oriiice
difimeter, fuel velocity, and rougk= of the nozzle,
produc@ v- degrees of spray dispersion. A
comparison of photographs made at diflerent stages
of injections into the evacuated chamber shows that
all parts of the spray have very nearly the same
velocity, as compared with the merent velo~ti~
prevailing in sprays injected into sir.

In Figure 4b the core of a spray injected into the
atmosphere is shown quite distinctly, surrounded by
the envelope. Streamers of spray are projecting
away from the core and downward. These were
formed as the spray tip passed these places, the
conical tip being contimdly replaced by fresh fuel
coming up the core. When the chamber-air density
was raised to 1.1 pounds per cubic foot, the velocity
of the spray tip was so greatly reduced that the fuel
thrown off completely hid the core. (Fig. 4c.)’ For
this last case, the chamber-sir density corresponded
to that at top center in an engine with a comprtion
ratio of 14.5.

The high-speed spark photographs of injections
into air at atmospheric densi@ gave some interesting
resuhs. The chamber sir was dense enough to show
some effect on the sprays, but not dense enough to
cause the core to be hidden. In Figure 5 are shown
two photographs of fuel sprays in the atmosphere, the
injection pressures being 3,OOOand 700 pounds per
square inch. In Figure 5a notice the vortices at the
edge of the spray, probably caused by the different
velocities of the air in the core and the envelope.
Also notice in Figure 5b that the core does not appem
as a solid jet of fuel, but seems to be broken up.

PENETRATION OF FUEL JETS INJECTED INTO LIQUIDS

As the density of the air into which the sprays were
injected was increased, the deceleration of the spray
tip became more rapid. However, even when using

the greatest air pressure that was safe in the spray
~hamber, the spray tip was still moving rapidly when
k reached the opposite side of the chmnber. The
affect of a dense medium was obt@ed without going
to dangerously high pressures by using water or
glycerin instead of air. The medium itself having
been changed, the results can not be strictly compared
with those obtained with air, but spark photographs
made with the regular spark circuit showed that the
shape and general behavior of fuel jets injected inta
water were similar to sprays injected into compressed
b when the same injection valve and nozzle were
used. (See & 6.) When fuel was injected into
water that was at atmospheric pressme, the fuel jet
wss very narrow and the rate of penetration nearly
as high as that in air having a density of 1.1 pounds
per cubic foot. When pressure was applied to the
water the rate of penetration was much lower, aud the
jet much broader. Similar resultswere obtained when
the fuel was injected into glycarin.

FIGUEE6.—HIgh-m?d spark photwmmhs Of fIId SPWS _f4ti
fnto the atmosphere

0h8mW den..ty, 0.076poundP=mbfo fm%fml-!nl- PI==II%
(a) 3@I pamd9 P3r s.qneminch, (b) 7fCPOm W ~ ~a

Figure 7 shows the variation in spray-tip penetra-
tion with time for fuel injections into water and
glycerin having various pressures, and also shows one
curve for a spray injected into compressed air for com-
parison. Notice that the rate of penetration does not
decrease uniformly with increasing water pressure, m
increase from atmospheric pressure to 15 pounds per
square inch having a greater effect than a further
increase to 100 pounds per square inch. Injections
inta gases having various prcasures and the same tem-
perature have shown the same trend, but to a lesser
extent. &teference 9.) As the density of a liquid
changes very little with pressure, the decrease in the
rate of penetration can not be attributed to an increase
in the densi@ as it was for gases. Neithar can it be



(a) Time, second

I (bJ Time, second I

i
!

1
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attributed to a change in viscosi@ in the case of water
for the effect of a change of pressure of this magnitude
on the viscosity of water is very slight. Only Mb
injections were made into glycarin, but in each case
the penetration w-as greater than with water ‘at the
same pressure. This was contrary to expectations,
for both the density and viscosity of glycerin are greater
than those of water.

Another feature of the curves in Figure 7 is the sud-
den decrease in theti slope after 0.0005 to 0.0015
second. This break probably represents the change
from a forward motion of the fuel through the liquid
medium to a turbulent movement of mixed fuel and
liquid medium.
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OPPOSED FUEL SPRAYS

In the experiments with sprays directed against
each other, the axca of the two sprays were coincident.
Each spray being symmetrical about its axis, similar
parts of the two sprays met in the center of the chamber.
The result of this meeting, as shown by the spark
photographs, can be explained along the lines of the
foregoing discumion.

Figures 8 to 11 show four seriesof spark photographs
of such opposed fuel sprays, made with the regular
spark circuit. Each series was made with an injec-
tion preewce of 4,000 pounds per square inch, but
with different chamber-ah densities. The distance
between the nozzles was 5 inches for this series of
photographs, so that the sprays met after each had
become 2.5 inches long. With the chamber evacuated
(fig. 8) there was some interference between the oppos-
ing sprays, but there was no indication of a disk such
as was formed when two solid jets were directed
against eaoh other. There being practically no air
present to hinder the motion of the fuel, the deflected
portions of the sprays quickly ~ed the space around
the main jets. With the chamber air at atmospheric

?ressure (fig. 9) the cores of the sprays again met each
n$herwith little interference. In this case, however.
the dbflected portions were quickly stopped by the air,
JOthat th~~,,formed an eddying envelope about the
xm%. ‘

When the densi~ of the chamber air was increased
to 0.60 pound per cubic foot (@. 10) there was prac-
tically no interference betwem the sprays. They wer~
~pparently so well dispersed that the ligaments and
imps in each spray pasaed between those of the other
3pray. For Figure 11, the chamber-ah density was
raisedto 1.1 pounds per cubic foot. The sprays again
pissed through each other, but a diflerent kind of inter- ,
femme was shown by the bulging of the envelopes at.
the meeting point. The appearance of this b@ing
mggests that it was caused by the meeting of two ccl-
umns of air, and this explanation is consistent with
Kuehn’s conclusion that the rapidly moving drops set.
up emair current within the spray.

Figure 12 shows two sprays of the centrifugal type
directed against each other in air having the same.
density as for Figure 11. In this case the spray tips
do not wmtinue to move forward after meeting, but
a cloud of spray is projected at right angles to th~
spray axis. The results of I?lasticine target tests with
centrifugal-type sprays showed that their cora were
composed of two distinct parts-a small central jet
and a hollow cone surrounding the jet. Spark photo-
graphs showed that the central jet pmerged before the
hollow cone, but that it was soon overtaken by the
cone. This jet is probably composed of the fuel
trapped between the oriike and stem seat, so that
it is injected without say whirling motion. Sprays of
this type have a very low penetrating power; the max-
imum dktance in air at a density of 1.1 pounds per”
cubic foot at which they would make a mark on the
Plasticize was 0.75 inch. At a distance of 2.5 inches,
therefore, all the drops must have come nearly to a
stop with respect to the air, md so the results showm
in Figure 12 are easily understood.

Summarizing, there wete two extremes of spray-
interferauce: b one, the two sprays were not dispersed
well enough for.the fuel particles to p~ between those
of the opposita spray and in the other they were well
dispersed, but the particles had lost nearly all velocity
relative to the air. Most of the cases photographed
fell between these two extremes.

Figures 13 to 15 show opposed-spray injections inte
air kept at constant densi@, but with diiferaut in-
jection pressures and distances between the nozzles-
It was necessmy to use open nozdes for this series,
but as previous tests (reference 5) have shown that
sprays from these nozzles are similar to those from the
injaction values .psedin the variable air-density seriesr
the results of the two seriesmaybe compared.

For both Figures 13 and 14 the distance between th~
nozzles was 3 inches, but the injection pressures were
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500 and 4,000 pounds per square inch, respectively.
With the lower injection pressure, the dispersion was
apparently poor for the sprays showed the same type
of interfermce as those of the previous series made at
low air densities. With the higher air den@-, there
was little interference, the rwdts being similar to
those shown in Figures 10 and 11.

Figures 11, 14, and 15 form a series in which the
variable is the distance between the nozzles. In each
case the photographs are quite similar. Notice in
Figure 15 that the sprays pass through each other and
rebound from the end of the opposite nozzle holder.
This figure shows that- even at ‘0.75- inch from the
nozzle, a high-velocity spray in dense air is broken up.

~ECT OR AIR JIFIS DIRR~ NQRMAL-TQ FOE3JSPRAYS

The photographs of fuel sprays having air jets di-
rected normal to their axe9were made to investigate the
characteristics of the spray cor~. The air jets de-
flected the spray envelop~ leaving the cores exposed
on one side. For Figures 16, 17, 19, and 20 the fuel
was injected %th an open nozzle, but for Figure 18 an
automatio injection valve was used. In each case, the
fuel-orifice diameter waa 0.020 inch and the orifice
diameter of the air jet was 0.040 inch. The photo-
graphs shown in Figures 16 to 18 were made with the
chamber air at atmospheric densi~, and with the air
jet approaching the fuel jet from the right. In Figure
16, the fuel in the envelope of the spray is shown being
driven aside by the air jet, leaving the core exposed
and deflected slightly. In Figure 17, for which the
fuel-injection pressurewas only half that for Figure 16,
both the envelope and the core are shown being de-
flected by the air jet. More extensive experiments
on the effect of high air velocities on fuel sprays have
been reported by Rothrock in reference 10.

The point of intersection of the fuel and air jets
was about one-quarter inch tim the fuel nozzle
for Figure 16, and about eleven-sixteenths inch for
Figure 17. In both casea the distance from the air
orifke was about on “eaxteenth inch. For Figure 18,
the distance horn the fuel nozzle was about 3.5 inches,
and from the air oriiice about 1 inch. In Figure 18
the core is being nonuniformly deflected by the air jet,
showing that the distribution of the fuel in the spray
core was not uniform.

k Figures 19 and 20 are shown photographs of fuel
and air jets intersecting about three-quarters inch from
the fuel nozzle and one-quarter inch from the air
orifice in a chamber where the air density was 1.1
pounds per cubic foot. For Figure 19 the air jet was
coning from the right, but for Figure 20 it was moving
directly away from the camera lens.

Diilerent values of the ti-jet injection pressure and
the chamber-air pressure were used, but their ratio
was always greater than 1.9, which is the critical value
at which the velocity of the issuing jet becomes equal

-G
o.

-a
o.

a
o.

U-)
o
0 .



I ‘ ,005
t

.004 .063 ‘ :
Time. second ‘

.002 ,001

FmuBE 17.—FuoIspiny with an air jet Impinging at @t ongks from the right

‘ Fud-injed!on Prmsurq w IMundaw squnre id; ah-jet Weatlon P~ w WUU@ w SCIUM@Ju@; oM@er-ah d~ty, o.~o po~d w ~b!o f~t.

.5

‘1

.0

I ,005 ,004 1 !003 “ .002 ,001 . ‘
Time, second

fiam~lS.-Fuelsprny with an ah jet hnplngtng at rtgbt anglesfrom the @t

FUeI-tUW!On Prmmw w IMUUdEw mum tnob; ah-let tqentlon prusnro, w potmdEIXUswuo kti; obIubor@r d~tY, amI’6wnnd w @blo fwt.

,



3

u)

z;
G.*
cd-

.004 .003 ..ot12 .001
Time, second

d ‘i
,,

“ lhauBE 19.—Fneland rdrjots intarsa?.tingat right anEIas. Air jet from the right ,., ::,

Buel-in~ion pramurq 1,(KKIpoundsper square inch; air-jet injection p~ Wl pounds par aqnarakmh; chamber-air densfty, 1.1pounds per cmhiofret.
* .,.,

,,. ,,
.:,:

,- -.. . . M
- :,

I .004 “ “ ,003
Time, “~~zcomd

.001 0
, .’

Fmurm !ZJ.-Fnef and airjetnIntamading atrfgbt angiae. Alr jet moving away from rmnaza len9

B’uel-injaationpmam,m porrndaWr MIuamfneb; air-jet Injmtion Prmanm W fmmda per aqnua inoh; obamber-tdrdendty, 1.1pounds par cnbio fooh

-J
a



.,.

EXPERL\133NTS ON THE DISTR~TJTION OF FUEL IN FUEL SpRAYS 717

to the velocity of sound. .& iqcrease in the value of
this ratio will not ~cre~. t}e jet velocity. The
velocities of the ab! fets in these experiments were
therefore the same in all cas&, and their energies
depended only on the density of the air in the jets.
Photographs made with different air-jet injection
pressures, but with the same fuel-injection pressure
and chamber-air density} showed little variation in the
sprays. The lesser deflection of the core shown in
Figure 16 as compared with Figure 17 should therefore
be attributed to the &gher fuel-injection pressure of
the former rather than the lower air-jet injection pres-
sure. Also, in comparing Figure 16 with Figure 19,
the greater deflection of the latter should be attributed
to the increased density of the air in the air jet, and to
the decreased velocity of the fuel in the spray core.

CONCLUSIONS

1. The distribution of the fuel, in both the core and
the envelope of fuel sprays is very uneven.

2, Under engine-operating conditions, Diesel fuel
injected through a 0.020-inch cylindrical nozzle is
subdivided into particles by the time it has penetrated
0.75 inch.

3. Folly developed fuel sprays are composed of a
central core and an outer envelope, The core is com-
posed of fuel particles having a high velocity relative
to the air in theti immediate vicinity. Aa a result of
this relative velocity a current of air is set up in the
core. The enveIope is composed of fueI particles that
were formerly in the core, where they transferred their
energy to the air until they lost most of their velocity
relative to it, and were then forced out into the envelope
by the on-coming column of air and fueI in the core
behind them.

.

4. _The shape of the central core varies with the
density of the air, becom$g ~&r@;a$l thicker with
increasing ak density. ; ‘““ D :

. .. . .

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COWIITTEE FOR AERONAUTICS,
LANGLEY )?IELD, TA.) Februa~ 1/?,193!2?.
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